olis, Indiana). Mice were 18-22-g females, housed in groups of 4 or 5 in plastic box cages, and provided rodent chow and water ad libitum.
Serological testing
The indirect immunofluorescent antibody (IFA) test was used to examine sera for antibodies to N. caninum from mice (Cole et al., 1995) . Sera were obtained from mice immediately prior to challenge inoculation in vaccination studies (experiment 4) and obtained from all mice that survived pathogenicity experiments. Sera were examined for IgG N. caninum-specific antibodies at doubling dilutions beginning at 1:50 and end-point titrated. Air-dried tachyzoites were used as antigen. Positive samples exhibited a complete tachyzoite surface fluorescence. Negative samples exhibited no fluorescence or only anterior end fluorescence.
Cell culture assay for identification for N. caninum tissue cysts in mouse brain
The brain from each mouse was removed at necropsy, and half was fixed in 10% neutral buffered formalin solution and used for histopathologic examination (see lesion scores below). The remaining half was used for acid-pepsin digestion and inoculation of cell cultures to detect tissue cysts of N. caninum. The portion of brain was placed in 3 ml of Hanks' balanced salt solution (HBSS) and passed through a syringe. This homogenate was then passed 2 times through a syringe equipped with a 23-gauge needle. Three milliliters of acid-pepsin solution (0.52 g of pepsin, 0.50 g of NaCl, 98.6 ml of distilled water, and 1.4 ml of concentrated HC1) was added to the homogenate, and it was incubated for 10 min at 37 C in a water bath. The acid pepsin solution was then removed by centrifugation, and the entire contents (half brain) was inoculated onto a 25 cm2 tissue culture flask containing HS68 cells. The inoculated material was removed 30 min later, and HS68 cell monolayer was washed with media and incubated in maintenance medium. The flasks were maintained for 28 days after which they were considered negative if no stages of N. caninum were isolated.
Microscopic lesion scores
The following criteria were used for histologic lesion scoring (Lindsay et al., 1995). Number of inflammatory or necrotic foci: no foci = 1; 1-5 foci = 2; 6-10 foci = 3; >10 foci = 4. Average size of foci: none = 1; 100-200 JIm = 2; 200-500 (Jm = 3; >500 ,um = 4. Severity of lesions: no lesions = 1; slight = 2; mild = 3; moderate = 4; marked = 5. A mean lesion score was obtained from these 3 values. A normal noninfected mouse brain would have a mean lesion score of 3.0. Mean lesion scores were evaluated using a Kruskal-Wallis nonparameteric test and distribution free multiple comparisons methods (Zar, 1984) . The numbers of mice in each group with lesions was examined using Fisher's exact test. Significance was established at a cutoff of P < 0.05 prior to conduct of analysis of data. (Table VI ) . Mice were boosted 21 days PI with identical preparations of HBSS or parasites. Mice were challenged s.c. with 1 X 106 NC-1 strain tachyzoites or HBSS 14 days after the second vaccination. Surviving mice were killed and examined at necropsy 56 days PI. Sera were collected for IFA testing. Brains were collected for microscopic 
RESULTS

Experiment 1
Clinical neosporosis and mortalities occurred only in BALB/ c mice infected with the NC-1 strain (Table I) . Three of 10 BALB/c mice challenged with NC-1 survived through the 8-wk study period. None of the sham-infected or NCts-mutantinfected BALB/c mice died, and significant differences in mean lesion scores between NCts-mutant groups and the NC-l-infected group were found (Table II) . No tissue cysts were observed in histological sections of mouse brain, and no parasites were reisolated from cell culture from any group.
No antibodies to N. caninum were detected in sham-infected mice examined 42 days PI, or 56 days PI. Mice inoculated with the NCts-4 strain had N. caninum antibody titers ranging from 1:800 (1 mouse) to 1:1,600 (4 mice) 42 days PI, and all mice had a 1:1,600 titer 56 days PI. Mice inoculated with the NCts-8 strain showed antibody titers ranging from 1:1,600 (3 mice) to 1:3,200 (2 mice) at both 42 and 56 days PI. Similar antibody titers from NCts-12 strain inoculated mice were also detected. Mice inoculated with the NC-1 strain and examined 56 days PI had titers of 1:1,600 (3 mice).
Experiment 2
None of the parasite strains caused mortality in ICR mice, and no significant differences were observed in numbers of mice with lesions or in the mean lesions scores (Table III) 
Experiment 3
The NC-1, NCts-4-37, and NCts-12-37 strains caused 100% mortality in immunosuppressed ICR mice (Table IV) . The NCts-4, NCts-8, NCts-12, and NCts-8-37 strains were less pathogenic for immunosuppressed mice and caused 0-20% mortality. Microscopic lesion scores are presented in Table V No parasites were isolated in cultures inoculated with frozen tachyzoites.
DISCUSSION
The present study demonstrates that the NCts-4, NCts-8, and NCts-12 strains are less pathogenic than the parental wild-type NC-1 strain in BALB/c mice (experiment 1) and immunosuppressed ICR mice (experiment 3). Although lesions were present in brains of some mice inoculated with these ts strains, they were not statistically significant compared with controls (Tables  I, V) . A significant difference in lesion scores and numbers of 
